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ABSTRACT 

Analys i s  is made o f  t h e  a l t i t u d e  and t ime dependence of 

the distribution of ion fo rma t ion  i n t e n s i t y  i n  t h e  ionosphe re  i n  

t h e  c a s e  o f  a conplex n o n l i n e a r  a l t i t u d e  dependence o f  t empera tu re  

when o n l y  a s i n g l e  gas component i s  i o n i z e d  by a quasimonochromatic 

r a d i a t i o n .  It is  shown t h a t  when the  upward movement i s  accompanied 

by an a b r u p t  d e c r e a s e  of t h e  t e n p e r a t u r e  g r a d i e n t ,  t h e  fo rma t ion  of  

two maxima o f  i o n  p roduc t ion  i s  p o s s i b l e  w i t h i n  a cer t .d -n  i n t e r v a l  

o f  t h e  Sun's z e n i t h  a n g l e s .  The r e q u i r e d  c o n d i t i o n s  f o r  t h e  occur- 

r ence  of  such  e f f e c t  may t a k e  p l ace  i n  t h e  F-region o f  t h e  iono-  

s p h e r e .  It appea r s  p o s s i b l e  t o  e x p l a i n  i n  such  a case  a number of 

i m p o r t a n t  f e a t u r e s  o f  F1 and Fz - l aye r s '  b e h a v i o r  by t h e  s p e c i f i c  

f e a t u r e s  of  t h e  fundamental p h o t o i o n o i z a t i o n  p r o c e s s  o f  t h e  a t rc-  

s p h e r e  a t  t h e  F-region l e v e l  

I 
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2 .  

t h e  fundamental p r o c e s s e s  o f  atmospheric g a s e s  i o n i z a t i o n  a.nd of  

f r e e  charge  a n n i h i l a t i o n .  A t  t h e  sane t ime ,  t h e  e s t a b l i s h m e n t  of 

t h e  a l t i t u d e - t i m e  dependence o f  i o n  format ion  i n t e n s i t y  I(z, t )  is 

o f  f i r s t  r a t e  importance.  Func t ion  I ( z ,  t )  depends f i r s t  o f  all on 

t h e  a l t i t u d e  d i s t r i b u t i o n  o f  t h e  d e n s i t y  of t h e  i o n i z e d  g a s  n ( z ) .  

Cases of i s o t h a i c  atmosphere and of a tnosphe re  wi th  a c o n s t a n t  

t e n p e r a t u r e  g r s d i e n t  a r e  s t u d i e d  i n  d e t a i l  i n  l i t e r a t u r e .  However, 

t h e r e  a r e  a s e r i e s  o f  i n d i c a t i o n s  t o  t h e  e f f e c t ,  t h a t  t h e  tempera- 

t u r e  i s  t h e  o b j e c t  of  complex v a r i a t i o n s  i n  t h e  upper atmosphere 

i n  space  and i n  t ime. P a r t i c u l a r l y  complex a l t i t u d e  v a r i a t i o n s  of  

t empera tu re  a p p a r e n t l y  t & e  p l a c e  i n  t h e  F-region o f  t h e  i o n o s p h e r e .  

Conputa t ions  o f  t e n q e r a t u r e s  of a tmospher ic  gases on t h e  basis of  

r o c k e t  data, l e a d , &  

s i t i o n ,  t o  the conc lus ion ,  t h a t  t h e r e  is an a b r u p t  break i n  t h e  cu rve  

o f  a l t i t u d e  dependence o f  tempera ture  T(z)  above 200 km, and t h a t  

above a c e r t a i n  l e v e l  t h e  tempera ture  no l o n g e r  va r i e s  w i t h  a l t i t u d e .  

( s e e  r e f .  [l, 2 ) ) .  The cu rve  T ( z )  
by N i c o l e t ,  and c o i n c i d i n g  we l l  w i th  t h e  r e s - d t s  o f  gas d e n s i t y  d e t e r -  

mina t ions  w i t h  t h e  a i d  of s a t e l l i t e s  [SI, shocs  a s h a r p  break  n e a r  

t h e  150 k m  l e v e l  toward t h e  s i d e  where T i n c r e a s e  slows down a t  

g r e a t e r  h e i g h t s .  Assumptionsare a l s o  made about  t h e  p re sence  i n  t h e  

ionosphe re  o f  l o c a l  t e i i p e r a t u r e  maxima, w i th  which e l e c t r o n  d e n s i t y  

maxiaa co r re spond ing  t o  ionosphe re  l a y e r s ,  may be l i n k e d  i n  a s p e c i -  

f i c  f a s h i o n .  ( s e e  r e f .  [4]>. Kodels o f  t h e  F r e g i o n  o f  t h e  ionosphe re  

c o n s t r u c t e d  i n  t h e  a s c u p t i o n  of  t h e  presence  o f  t empera tu re  g r a d i e n t  

b r e a k s ,  have been d i s c u s s e d  i n  l i t e r a t u r e .  Mar i an i  examined, f o r  

example, a model of  t h e  corrposite l a y e r  of  t h e  ionosphe re  f o r  t h e  

c a s e  when t h e  t emyera tu re  h a s  a cons t an t  p o s i t i v e  g r a d i e n t  below a 

c e r t a i n  l e v e l  i n  t h e  F1- l aye r ,  above which i t  remains c o n s t a n t  c5]. 
Burkard c57 c o n s t r u c t e d  a tiodel f o r  t h e  F-region for a p o s i t i v e  

t e m p e r a t u r e  Rrau ien t  below t h e  FZ-layer maximum, f o r  t h e  t empera tu re  

c o n s t a n c y  n e a r  t h a t  rnaxii-sum, and € o r  i t s  n e g a t i v e  g r a d i e n t  above i t .  

s p e c i f i c  assumptions conce rn ing  t h e i r  compo- 

for t h e  atmosphere model proposed 
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The i n d i c a t e d  ionosphe re  models, and more p a r t i c u l a r l y  t h e  l a t t e r ,  

a l lovr  t h e  d e s c r i p t i o n  of a s e r i e s  of e s s e n t i a l  traits i n  t h e  beha- 

v i o r  o f  t h e  F1 and F2- l aye r s ,  and more s p e c i f i c a l l y  - o f  t h e i r  s e a -  

s o n a l  v a r i a t i o n s .  The t empera tu re  lower ing  above t h e  F2- l aye r  m a x i -  
mum, i. e .  t h e  p re sence  of  t h e  naximum o f  T a t  t h e  l e v e l s  o f  t h e  

F-region of  t h e  ionosphere  assumed by Burkard ,  i s  a l s o  e n t i r e l y  

p l a u s i b l e ,  Indeed ,  t h e  s t r o n g  decrease  wi th  a l t i t u d e  i n  tho  r a t e  o$Y 

o f  gas  d e n s i t y  a g r e e s  w e l l  w i t h  t h e  p o s s i b i l i t y  o f  n e g a t i v e  tempera- 

t u r e  g r a d i e n t s ,  ( s e e  r e f .  c 6 ,  ?]). The a s s u x p t i o n  about  t k e  p o s s i b i -  

l i t y  of a non-monotonous c h a r a c t e r  of  t h e  a l t i t u d e  t enpe ra tmre  v a r i -  

a t i o n  is s u s t a i n e d  by t h e  g e n e r a l  c o n s i d e r a t i o n s  on t h e  h e a t i n g  of  

t h e  a t n o s p h e r i c  gas  as a consequence of  v a r i o u s  p h y s i c a l  p r o c e s s e s .  

A t  gas' & 3 $ o i o n i z a t i o n , p a r t  of t h e  i o n i z i n g  pho tons ,  energy is ex- 

pended on the k ine t ic  energy i n c r e a s e  of t h e  then-forming ions ,  
whi le  as a r e s u l t  o f  c o l l i s i o n s ,  i t  i s  expended o n t e n p e r a t u r e  i n c r e a -  

s e  of t h e  total gas, e n t i r e l y  a t  r e s p e c t i v e  l e v e l s  [8, 93. The energy 

for gas h e a t i n g  is l i b e r a t e d  a t  recombina t ion  p r o c e s s e s .  S u b s t a n t i a l  

i n f l u e n c e  i s  e x e r t e d  by e l e c t r o m a g n e t i c  p r o c e s s e s  and by magneto- 

hydrodgnalric waves on gas h e a t i n s .  The maximum o f  h e a t i n g  by magneto- 

hydrodynamic waves corressoncis t o  t h e  n e a r  175 km l e v e l .  I n  t h e  gas 

h e a t i n g  t a k i n g  p l ace  i n  t h e  F-reZion, e l e c t r i c  c u r r e n t s ,  whose pre- 

s ence  was e s t a b l i s h e d  wi th  t h e  h e l p  o f  s G t e l i i t e s ,  nay p a r t i c i p a t e .  

[ll]. Ll1 t h e  enumerated procecces  l e 2 d i n g  t o  gas h e a t i n g  a r e  inho-  

nogenous by a l t i t u d e ,  and t h e  complex c h a r i j c t e r  o f  t h e  f u n c t i o n  T ( 2 )  

i n  t h e  3'-region as w e l l  as elsewhere i n  t h e  iono&Yphere, m 2 y  be l i n -  

ked wi th  t h a t  f a c t .  

drop/ 

As a consequence t h e r e  r e s u l t e d  t h e  n e c e s z i t y  o f  conduc t ing  

t h e  i n v e s t i g a t i o n  o f  t h e  f u n c t i o n  I ( z ,  t )  for t h e  case  o f  a r b i t r a r y ,  

i n c l u d i n g  a l s o  t h e  nonmonotonous dependence T(z), xh ich  is p r e c i s e l y  

c a r r i e d  o u t  i n  t h e  p r e s e n t  work. Th i s  a l l o ~ ~ s  t o  expose c e r t a i n  corn- 

l e m e n t a r y  c o n a i t i o n s  t h a t  may t ake  p l a c e  i n  conilection v;ith t h e  

complex c h a r a c t e r  o f  T( z )  i n  r e a l  c o n c i t i o n s .  
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I1 

According t o  con tenpora ry  concep t s ,  atomic oxygen is t h e  

b a s i c  ion izab le  gas component o f  t h e  a tnosphc re  i n  t h e  F-region o f  

t h e  ionosphe re .  A t  l e v e l s  n e a r  200 km, t h e  major p a r t  o f  mo lecu la r  

oxygen a p p r e n t l g  i s  a l r e a d y  d i s s o c i a t e d .  Tha t  is why we may admit 

t h a t  i n  t h e  f i r s t  approximat ion  t h e  d i s t r i b u t i o n  by a l t i t u d e  o f  a t o -  

n i c  oxygen c o n c e n t r a t i o n  i s  desc r ibed  above 200 km by t h e  g e n e r a l i z e d  

b ar o me t r i c f o r m u l  a 

n = noTexp(-'j  H o  -$). 

Prom t h e  most genei-zl c o n s i d e r a t i o n s  concerqinr;; t h e  a b s o r p t i o n  

of  t h e  i o n i z i n g  nonochromatic ecii s i o n  i n  t h e  gas l a y e r ,  t h e  f o l l o w i n z  

c o r r e l a t i o n  e n s u e s  f o r  t h e  i n t e n s i t y  o f  i o n  fo rma t ion  I at t h e  l e v e l  

e ( n e g l e c t i n g  t h e  e l e c t r o n  c o n c e n t r a t i o n  by comparison wi th  t h a t  o f  
n e u t r a l  gas p a r t i c l e s  ) [12] : 

Here 6 i s  t h e  e i f e c t i v e  c r o s s  s e c t i o n  o f  t h e  g iven  p r o c e s s '  pho to ion i -  

z a t i o n ,  Soo is t h e  energy flux o f  t h e  p h o t o i o n i z i n q  emiss ion  a t  t h e  

upFer limit o f  t h e  atmosphere,  is 

t h e  Sun ' s  z e n i t h  angle .  L e t  us examine t h e  c o n d i t i o n s  o f  format ion  

o f  f u n c t i o n ' s  I ( 2 )  ext remes .  The extremeness c o n d i t i o n  o f  1(z) may 

ei is t h e  i o n i z a t i o n  p o t e n t i a l ,  

be o b t a i n e d  from t h e  e;  p e s s i o n  (2) i n  t h e  form 

where 
I$ 

dn * 

dz 

f (z) = - - - (4) 
. 

A t  t h e  c o n d i t i o n  t h a t  t h e  c o n c e n t r a t i o n  of t h e  i o n i z a b l e  gas is d i s -  

t r i b u t e d  i n  a l t i t u d e  accorcling t o  t h e  law (11, f u n c t i o n  f ( 2 )  nay be 

w r i t t e n  i n  one of  t h e  fo1lov:ing two e x p r e s s i o n s  : 

. ./. . 
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o r  

where C = m g / k .  These exFres s ions  a r e  v a l i d  f o r  one g a s  o r  f o r  gas 

mix tu re  i n  c a s e  o f  t h e i r  full i n t e r m i x i n g ,  when t h e  mean molecu la r  

weight does n o t  va ry  wi th  a l t i t u d e .  The cons t ancy  o f  g is assumed 

i n  t h e  examined a l t i t u d e  range .  I n  cases  o f  i s o t h e r m i c  atmosphere o r  

c o n s t a n t  t empera tu re  g r a d i e n t ,  when t h e  denorriinator i n  t h e  e x p r e s s i o n s  

(5)  and ( 6 )  is equa l  t o  t h e  u n i t y  or t o  a n o t h e r  c o n s t a n t  m a p i t u d e ,  

f u n c t i o n  f ( z )  is e x p o n e n t i a l ,  mono taws ly  d e c r e a s i n g  wi th  t h e  d l t i t u d e .  

T h i s  cor respond6 t o  one rnaxbum of  I ( a ) ,  dropp ing  downward at t h e  i n -  

c r e a s e  of cos  , as i t  follows from t h e  ex:n-ession (3) .  I f  t h e  d e r i -  

v a t i v e s  b H / b z  o r  3T/bz are d e c r e a s i n g  f u n c t i o n s  of a l t i t u d e ,  t h e r e  

appea r s  a p o s s i b i l i t y  o f  nonmonotonous v a r i a t i o n  of f (z) .  The func- 

t i o n  f ( 2 )  may have m a x i m a  and minima under  

The a n a l y s i s  a t  t h e  extreme o f  t h e  e x p r e s s i o n  (5) o r  ( 6 )  g i v e s  t h e  

f o l l o w i n g  ex t remeness  c o n d i t i o n s  for t h e  f u n c t i o n  f ( 2 )  : 

s p e c i f i c  c o n d i t i o n s .  

or 

If i n  t h e  a i t i t u d e  range a d j a c e n t  t o  l e v e l  o f  t h e  f ( 2 )  extreme 

e i t h e r  o f  t h e  two f o l l o w i n g  i n e q u a l i t i e s  t a k e s  p l a c e  : 

or  

t h e  examined extremum i s  t h e  ma:;inum o r  t h e  minimum o f  f (2). 



. 
I 

. 

I n  such  case  t h e  c o n d i t i o n  of  I ( e )  ext remeness  e x p r e s s e d  i n  ( 3 ) ,  
may be s i m u l t a n e o u s l y  s a t i s f i e d  a t  tno d i f f e r e n t  l e v e l s  s i t u a t e d  

above and below t h e  m a x i m u m  and minimum l e v e l  o f  t h e  f u n c t i o n  f ( 2 ) .  

It f o l l o i ~ s  from t h e  g e n e r a l  c o n s i d e r a t i o n s  r e l a t i v e  t o  t h e  c h a r a c t e r  

o f  t h e  f u n c t i o n  f ( z ) ,  t h a t  i t  may have no l e s s  t h a n  two extremes 

co r recpond ing  t o  d2fldz2# 0 (io e. maximum or ~ z i n i ~ u m ) .  It i s  indeed  

v i s i b l e  from t h e  expres1:ion.s (5)  ,and ( 6 )  t h a t  f u n c t i o n  f ( z )  has  

a d e c r e a s i n g  c h a r a c t e r  (w i th  a l t i t u d e ) .  Thus i f  I,, e x i s t s ,  Imin 
n u s t  d z o  n e c e s s a r i l y  e x i s t ,  f o r  f ( z )  cannot  i n c r e a s e  unboundedlg 

as e i n c r e a s e s .  I jes ides ,  m a p i t u d e  f(z) may remain c o n s t a n t  w i t h i n  

a c e r t a i n  a l t i t u d e  r ange ,  provided  e q u a l i t i e s  ( 7 )  and (8 )  a r e  satis- 

f i e d  w i t h i n  i t .  T h e r e f o r e ,  i f  i n e q u a l i t i e s  ( 9 )  or (10) a r e  s a t i s f i e d  

i n  a c e r t a i n  a l t i t u d e  i n t e r v a l ,  I (2;) h a s  t h r e e  extreme6 f o r  s p e c i -  

f i c  valueer of co6 x ,  two of which are maxima, and one - minimum,&;_$ ., 
i n  betn-een. I n  r e a l i t y ,  a d i r e c t  a n a l y s i s  i n  t h e  extreme o f  expres-  

s i o n  ( 2 )  Ehows, t h a t  when c o n d i t i o n  (1) is r e s p e c t e d ,  c o r r e l a t i o n  ( 6 )  
cor re sponds  t o  t h e  minimum of  I ( z ) ,  and c o r r e l a t i o n s  ( 7 )  and ( 8 )  - 
- t o  t h e  i n f l e x i o n  of  I ( 2 )  n’rren 31/32 = 0. T h e r e f o r e ,  i n  t h a t  

a l t i t u d e  i n t e r v a l ,  i n e q u j l i k i e s  ( 9 )  o r  (10) a r e  s a t i s f i e d ,  o n l y  a 

minimum of  I ( z )  may form, i. e. t h e r e  is i n  t h a t  case a fo rb idden  

a l t i t u d e  range f o r  t h e  format ion  of a maximum of  1 ( z ) .  For t h e  cor- 

255 .  1. P o s s i b l e  c h a r a c t e r  
o f  t h e  depenc‘ence on cos 
o f  t h e  a t i t u d e  of extreme 
magnitudes o f  i o n  format ion  
i n t e n s i t y .  

responding  xcagnitude c o s %  t h e  cu rve  

I(z) i s  d i s t o r t e d  i n  such  a way, t h a t  

tmo n i a x i m a  a r e  forming, one o f  which is 

s i t u a t e d  above t h e  a l t i t u d e  range  o u t  o f  

bounds f o r  Ima, t h e  o t h e r  - below i t .  
:; p e c u l i a r  b reak  up o f  maximum I t a k e s  

p l a c e .  A t  t h e  boundar i e s  o f  t h e  a l t i t u d e  

r a n s e ,  forb id i ten  f o r  t h e  ILllax, where 

t h e  e q u a l i t i e s  ( 7 )  and ( 8 )  are C u l f i l l e d ,  

o d y  t h e  i n f l e x i o n  I ( 2 )  mag form. I n  

t h e  s i m p l e s t  ca se  of t h e  examine6 s i t u a -  

t i o n ,  f u n c t i o n  f ( z )  may be r e r r z s e n t e d  

as slionn i n  Fig.  1. 
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A s  cos  x grows, t h e  mCninum o f  i o n  fo rma t ion  s l i d e s  a l o n g  t h e  

upper  branch  of  t h e  curve bf ( e )  - downward. A t  t h e  moment when 

cos  x = cos 3(1 ,  an i n f l e x i o n  o f  I ( e )  form at  t h e  z a l e v e l ,  t h e n  

Imin forms i n  t h e  i n t e r v a l  (Zag zb) a t  cos  x 7 cos  xl, whi le  

forms below t h e  l e v e l  1,. Two m a x i m a  I ex i s t  a t  cos  cos x < cos  jd2 

one o f  which i s  6 i s2osed  a'bove t h e  l e v e l  q,, t h e  o t h e r  - below ea. 
A t  cos  = cos x t h e  up_.er m a x i m u m  I t r a n s f o r m  i n t o  a n  i n f l e x i o n  

anc' one lower  maximum I remains at cos y > cos  x 2 .  The f a c t  t h a t  

i n  t h e  x 1 - '  X z i n t e r v a l  o f  t h e  v d u e s  of s u n ' s  z e n i t h  ang le  t h e  

l o w e r  m m 5 m u m  I develops  fro,., t h e  i n € l e x i o n v a t t e s t s  that t h e  r e l a -  

t i o n  be teeen  t h e  magnitudes o f  t h e  upper and lower  m a x i m a  t h e n  decrea-  

s e s  . 

I,, 

The examined s i tuat ion  may be c r e a t e d  a t  a s lowed down tempe- 

r a t u r e  growth or i o n i z a b l e  g a s ' s c a l e  i n c r e a s e ,  and a l s o  - at an acce- 

l e r a t e d  decrease of t h e s e  parzmcters  i . i t h  a l t i t u d e .  The g r e a t e r  t h e  

magnitude 03 t h a t  a c c e l e r a t i o n ,  t h e  f a s t e r  t h i s  s i t u a t i o n  is  t o  deve lop .  

i. e .  1'8%/ b z  1. To s a t i s f y  t h e  i n e c u a l i t i e s  ( 9 )  and (lo), t h e  g r e a t e r  

i s  t h e  rcagnitude T ( o r  H ) ,  t ? ie  smal le r  will be t h e  r e q u i r e d  acceLora- 

t i o n ' s  magnitude. I n  t h i s  r e g a r d ,  t h e  most f a v o r a b l e  c o n d i t i o n s  e x i s t  

f o r  t h e  atonlic oxygen i n  t h e  F-region. The atmosphere h e i g h t  H brought  

f o r t h  for  i t ,  has  for t h e  g iven  tempera ture  t h e  g r e a t e s t  magnitude 

i n  c o n p a r i s o n  wi th  o t h e r  g a s e s  ( excep t  t h e  & t o n i c  n i t r o g e n ) .  I n  t h e  

F- reg ion  o f  t h e  ionosphe re  h i g h e s t  gas t empera tu res  a r e  r eached  i n  

c o n j u n c t i o n  wi th  t h e  p o s s i b i l i t y  0 2  s h a r p  v a r i a t i o n s  of t h e i r  gra- 

d i e n t s .  All t h i s  c r e a t e s  f a v o r a b l e  c o n d i t i o n s  i n  t h e  F-re@on f o r  

t h e  e x i s t e n c e  of an  a l t i t u d e  r ange ,  fo rb idden  f o r  Ima in  t h e  case  

of  a s h a r p  dec rease  o f  tempera ture  r i s e  wi th  a l t i t u d e ,  o r  o f  t h e  pre- 

s ence  of  t h e  naximm T (2). I n  t h e  l a t t e r  case  t h e  i n e q u a l i t i e s  ( 9 )  
and (LO) may be s a t i s f i e d  below the  T,,level, a t  t h a t  l e v e l ,  and 

above i t .  These i n e q u a l i t i e s  a r e  most easi;y s a t i s f i e d  above T 

p r o v i d e d  an a c c e l e r a t e d  tempera ture  dec rease  w i t h  a l t i t u d e  t a k e s  p l a -  

c e  t h e r e .  

2 

* V- insert here t h e  fol lowing - 7 : 
"and the  other t r a n s f o r m  i n t o  the  inf lex ion  f o r  cos x increase" 
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20 f u l f i l l  t h e  i n e c u a l i t i e s  ( 9 )  and (10) a t  H = 60 k m  f o r  t h e  

atomic oxygen and a p o s i t i v e  tempera ture  p a c l i e n t  o f  4degLcm 

( t o  which correspolids 3H/dz = 0.23 a t  g = 908 cm/sec2 a t  t h e  

250 km l e v e l ) ,  module a 2 H / b z 2  

and module @T/az 2 must be g r e a t e r  t h a n  0.36 deg/cm 2 . For 

must be g r e a t e r  t h a n  0.020 km -1 , 

aT/h = 0 at must be g r e a t e r  

t h a n  0,017 km-', b u t  f o r  > T / > z  = - 4 deg/km a 2 H /  az2 must 

be g r e a t e r  thm 0.013 k m  . 
t h e  Gax l e v e l ,  module 1a2H/az21 

-1 

It  may be s e e n  from t h e  e x p r e s s i o n  ( 4 )  t h a t  f u n c t i o n  f ( z )  

may be nonmonotonous c i t h i n  a c e r t a i n  a l t i t u d e  range  i n  t h e  c a s e  

when t h e r e  t a k e s  p l a c e  a s u f i i c i e n t l y  g r e a t  s l o w i n g  dovm i n  g a s  

d e n s i t y  drop  wi th  a l t i t u d e  

The a v a i l a b l e  d a t a  on atmosphere s t r u c t u r e  at i o n o s p h e r i c  

l e v e l s  do n o t  provide  as yet t h e  p o s s i b i l i t y  o f  v i s u a l i c i n g  t h e  

t r u e  d i s t r i b u t i o n  w i t h  a l t i t u d e  o f  atomic oxygen d e n s i t y .  Bowever, 

c u r v e s  of a l t i t u d e  dependence of t h e  r e l a t i o n  f2/( ap/az), p l o t t e d  

a c c o r d i n g  t o  da t a  on gas  d e n s i t y  d i s t r i b u t i o n  o b t a i n e d  wi th  t h e  

h e l p  o f  r o c k e t s  and s a t e l l i t e s  [ l3 - 151, r e v e a l  s i g n s  o f  non- 

monotonous v e r i a t i o n  w i t h i n  t h e  160-  270 kn limits. The d a t a  

brought  o u t  i n  t h e  i n d i c a t e d  s o u r c e s  have a t ime and space-avera- 

ged c h a r a c t e r ,  except  f o r  r e f e r e n c e  [15], where r e s u l t s  o f  gas 

d e n s i t y  measuresents  o b t a i n e d  i n  t h e  cour se  o f  a s i n g l e  r o c k e t  

f l i g h t  a r e  brought  f o r t h .  I n  the  l a t t e r  c a s e ,  t h e  nonmonotony o f  

f ( z )  h a s  t h e  c l e a r e s t  c h a r a c t e r .  T h i s  i s  pos ; ib ly  l i n k e d  wi th  

t h e  f a c t  t h a t  t h e  d i s t r i b u t i o n  01 p< z )  

=as w e l l  as i n  s p a c e ,  and t h a t  t h e  a v e r a g i n g  l e v e l s  dovm t h e  e f f e c t  

we s e a r c h  f o r .  F r o s  t h e  s t a n d p o i n t  o f  t h e  examined e f z e c t ,  t h e  

atlilosnhere model c o n s t r u c t e d  acco rd ing  t o  r o c k e t  d a t a  --"the 

C-model of  1958 - o f f e r s  i n t e r e s t .  The s t r i k i n g  f e a t u r e  o f  t h a t  

model i s  t h e  convexi ty  i n  t h e  curve p ( z ) ,  
l e v e l s  of t h e  F-region o f  t h e  ionosphere .  T h i s  p o i n t  t o  t h e  pos- 

s i b i l i t y  o f  not o u i t e  monotonous a d i s t r i b u t i o n  o f  gas d e n s i t y  

i n  t h a t  p a r t  01 t h e  a t n o s , h e r e ,  a k i c h  shou ld  r e i n f o r c e  t h e  e f f e c t  

changes markedly i n  t ime 

11 

c l e a r l y  ex -zes sed  a t  

s o u g h t  f o r .  A t  180 -210 -km l e v e l s  t h e  curve  f ( z )  =- p2/( ap /az> 
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f o r  t h a t  model has  a noniilonotonous c h a r a c t e r .  

The examined nonmonotong of f ( 2 )  cannot  however be 

u n i l a t e r a l l y  i n t e r p r e t e d  as a consequence of s h a r p  v a r i a t i o n  of 

t empera tu re  g r a d i e n t  o r  of  tempcra ture  m a x i m u m  p r e s e n c e ,  f o r  such  

e f f e c t  i n  f ( 2 )  may a l s o  induce  a probable  r e t a r d a t i o n  i n  t h e  r a t e  o f  

drop  wi th  a l t i t u d e  o f  gas' mean molecular  weight.  T h i s  i s  v i s i b l e  

from t h e  e q u a l i t y  

dH dT drn .dg -=----- 
H T ,  rn . g '  

t h a t  fo l lows  from t h e  d e t e r m i n a t i o n  o f  H [l?]. 
I f  t h e  d i s t r i b u t i o n  by a l t i t u d e  o f  t h e  d e n s i t y  o f  t h e  i o n i -  

z a b l e  gas P(z) is known, one may o b t a i n  t h e  magnitude I o f  i o n  

fo rma t ion  i n t e n s i t y  at v a r i o u s  h e i g h t s  i n  r e l a t i o n  t o  t h e  magnitude 

I* a t  a c e r t a i n  a r b i t r a r i l y  chosen l e v e l  &*, as t h i s  f o l l o w s  

from t h e  e x p r e s s i o n  ( 2 )  : 

Ill' = n/n* exp ( - G sec x 1 ndz) . 
z . _ _  

The computa t ioE  f o r  h y p o t h e t i c a l  d i s t r i b u t i o n s  o f  n ( 2 )  correspon-  

d i n g  t o  t h e  c l e a r l y - d e f i n e d  r e g i o n  fo rb idden  for I show t h a t  

t h e  t ime v a r i a t i o n s  of I ( 2 )  must i n  t h a t  ca se  have t h e  c h a r a c t e r  

i n d i c a t e d  i n  F ig .2 .  

an  i n f l e x i o n  b e c i n s  t o  de-ielop at t h e  z a l e v e l  ic t h e  curve  o f  &ti- 

t u d e  d i s t r i b u t i o n  of I(z), and aI/dz becomes z e r o  a t  t h e  e a l e v e l  

when cos = cos x1 . P r i o r  t o  t h a t  norcent, t h e r e  e x i s t s  a s i n g l e  

upper  m a x i m u m  I ,  dropping  and r i s i n g  i n  magnitude wi th  t h e  growth 

of c o s  . A t  cos  > cos  x 2 ,  a lower  maximum I forms below t h e  

Z a  l e v e l ,  t h a t  r i s e s  q u i c k l y  at t h e  f u r t h e r  i n c r e a s e  o f  cos  

A s  a r e s d t ,  t h e  c o r z - e l a t i o n  beti:een t h e  magnitudes o f  t h e  upper  

and lower  m a x i m a  I ,  d imin i shes  f a s t .  A t  t h e  s m e  time t h e  minimum I 

ascends  upnards. The upper m a x i m u m  I l e v e l s  down q u i c k l y  as cos  

A s  t h e  growing cos >c n e a r s  t h e  va lue  o f  cos XI, 

x .  
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n e a r s  t h e  cos x 2  v a l u e ,  and t r cas fo rms  i n t o  an i n f l e x i o n  a t  t h e  

q, l e v e l  a t  cos 1 = cos  X 2 .  A t  cos > cos  X 2 a s i n g l e  1ov:er 

maxiiilum c o n t i n u e s  t o  deve lop ,  and t h e  b a s i c  dose o f  t h e  formine: 

i o n i z a t i o n  cor responds  then  t o  l e v e l s  ly iA.e ;  below Za. T r a c e s  o f  t h e  

upper  maximum 2 remain at t h e  !&b l e v e l  when cos > cos x 2  , b u t  

t h e y  smooth down as t h e  d i f f e r e n c e  ( c o s  x - cos 2 )  i n c r e a s e s .  

I 
/ 

I 

Fi? .  2. B l o c k  diagram of t h e  a l t i t u d e  d i s t r i b u t i o n  
of  i o n  f o m a t i o n  i n t e n s i t y  1 ( z )  f o r  v a r i o u s  v a l u e s  
of  cos / ( a t  t h e  r i g h t )  i n  t h e  c a s e ,  when f u n c t i o n  
f ( z ) ,  p l o t t e d  a.t t h e  l e f t ,  has a maximum. 
___- ---- _._ I__ -.-- ___-- -~ - -rom t h e  v iewpoin t  of  t h e  i n t e g r a l  magnitude of i o n  (and e l e c t r o n )  

f o r n a t i o n ,  one may s t a t e ,  t h a t  t he  p re sence  o f  a reZion  f o r b i d d e n  

f o r  I,& a c c e l e r a t e s  and s t r e n g t h e n s  t h e  p r o c e s s  o f  i o n  fo rma t ion  

i n t e n s i t y  r e d i s t r i b u t i o n  by S i l t i t u d e ,  and i n  s u c h  a f a s h i o n ,  t h a t  

t h e  fundamental  dose o f  i o n i z a t i o n  falls on t h e  lower  l e v e l s .  

I11 

The d e s c r i b e 2  s p l i t t i n g  p rocess  o f  i o n  format ion  maximum, 

p o s s i b l e  a t  t h e  F- reg ion  o f  t h e  ionosphere  l e v e l s ,  p e r u i t s  t h e  
i n t e r p r e t a t i o n  o f  c e r t a i n  e s s e n t i a l  p e c u l i a r i t i e s  of  t h e  b e h a v i o r  
o f  F1 and F2 - l a y e r s  i n  t h e  u i d d l e  l a t i t u d e s ,  h e r e t o f o r e  n o t  

h a v i n g  been t h e  o b j e c t  o f  a f u l l ,  u n i v e r s a l l y - a c c e p t e d  e x p l a n a t i o n .  
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A s  i s  w e l l  knoan, t h e  w i n t e r  behavior  o f  t he  F2- l aye r ,  and a l s o  

i n  t h e  course  o f  a s u b s t a n t i a l  p a r t  o f  t h e  e q u i n o c t i d  s e a s o n ,  

r e r x h d s  of t h e  p l a i n  l a y e r  (near-midday maxinum fOF& d a y l i a h t  

minimum h F2). The F1- l a y e r  seldom a p p e a r s  i n  w i n t e r  at l a t i t u -  

d e s  above 4 5 O ,  and when i t  does s o ,  i t  t a k e s  p l a c e  n e a r l y  e v e r y  

t ime a t  about midday. I t  o c c u r s  e a r l i e r  and more o f t e n  v i t h  t h e  

s e a s o n a l  r i s e  of cos  3C.But i n  su:r,.,er i t  is n e p r l y  a l a a y s  observed  

i n  dayt ime.  The trcmsit from t h e  r i i n t e r  t o  t h e  sumiiier t ype  of t h e  

F2- l aye r  is l i n k e d  wi th  t h e  develolment of t h e  F l - l a y e r ,  The beha- 

v i o r  o f  t h e  l e t t e r  year-round i s  c l o s e  t o  that o f  t h e  p l a i n  l a y e r  

i n  t h e  s e n s e  of  t h e  dependence on cos  o f  i t s  c r i t i c a l  f r e q u e n c i e s .  

P 

Thus, two l a y e r s  e x i s t  i n  t h e  3'-region o f  t h e  ionosphe re  

d u r i n g  the e q u i n o c t i a l  p e r i o d ,  whose b e h a v i o r  p a t t e r n  responds  i n  t h e  

t h e  fipst tlpproximation t o  t h a t  of t h e  p l a i n  layer ,  

It is  s e l l  :mom t h a t  one o f  t h e  b a s i c  co i id i t i ons  of e x i s -  

t e n c e  of t h e  p l a i n  l a y e r  is t h e  format ion  of e l e c t r o n  d e n s i t y  

maxinum at  t h e  l e v e l  of  t h e  me::imum o f  i o n  forrrlation i n t e n s i t y ,  

or n e a r  i t ,  It c o u l d  t k n s  be n a t u r n l  t o  a'-sume, t h a t  two m a x i m a  I 
e x i s t  i n  t h e  F-region of  the iGnosphere d u r i n g  Dart o f  t h e  egu i -  

n o c t i a l  s e a s o n ,  one o f  which cor responds  t o  t h e  n - l a y e r ,  and t h e  

o t h e r  - t o  t h e  22 - l a y e r .  A t  t h e  same t i n e ,  one o f  them forms 

on ly  i n  near-midday h o u r s ,  and i s  n o t  always c l e a r l y  d e l i n e d .  The t ran-  
sition 
t h e  upper  m a x i m u n  I ,  t o  the sunnier t y p e ,  when i t s  forrilation may be 

we l l  e q l a i n e d  on t h e  b a s i s  o f  t he  Bradbury scheme [18], may be 

connec ted  wi th  t h e  g r a d u a l  d i sappearance  of t h e  upper murinurn I ,  

and t h e  development of t he  l o n e r  one.  The d e s c r i b e d  p e c u l i a r i t i e s  

o f  t h e  s e a s o n a l  v a r i a t i o n  of  t h e  $1 and F2 - l r , ye r s ,  and t h e  des igna -  

t e d  scheme o f  co r re spond ing  s e a s o n a l  v a r i a t i o n s  of  m a x i m a  o f  i o n  

fo:malion i n t e m i t y  may be exp la ined  i n  t h e  fo l lowing  f a s h i o n .  

from t h e  w i n t e r  t ype  of the  F2- l aye r ,  when i t  f o r m  n e a r  

I f  cos  X L  cos  x, i n  v i n t e r  t ime ( s e e  F ~ G .  l), t h e r e  s h o u l d  

be one maximum I nzove t;he Zb l e v e l .  The F2- layer  may co r re spond  

t o  t h a t  maximum. A t  n e a r  suLL-ertime, t h e  midday cos  x b e g i n s  t o  

exceed t h e  magnitude cos $ l i n s i p i f i c a n t l y  a t  t h e  berrinning, 
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t h e n  g r z d u a l l y  more and more. To t 5 i s  co r re sponcs  t h e  appearance  

o f  t h e  i n f l e x i o n ,  and t h e n  a l s o  o f  a weakly-defined maximum below 

t h e  z a l e v e l .  Cond i t ions  f o r  t h e  format ion  o f  a maxinum i n  t h e  

a l t i t u d e  d i s t r i b u t i o n  02 t h e  e l e c t r o n  c o n c e n t r a t i o n  n e  c r e a t e <  i n  

t h e  same nanner.  i t  corres?onds t o  t h e  F - l aye r ,  weakly e x p r e s s e d  

a t  first,  and more s h a r p l y  l a t e r  on. S imul t aneous ly  r j i t h  t h e  e x i s -  

t e n c e  of  two m a x i m a  I n e a r  noon time at cos  >c < cos  < cos  2 

one may l i n k  t h e  p r i z e n c e  of t h e  two l a y e r s  - fi and F 2 ,  similar 

i n  sone  r e z p e c t  t o  t h e  p l a i n  l a y e r .  Such is t h e  way t h e  s i t u a t i o n  

i n  t h e  3’-region of  t h e  ionosphere  may r e p r e s e n t e d  i n  t h e  e q u i n o c t i a l  

s eason .  

The t r a n s i t i o n  t o  sum?er c o n d i t i o n s  may be con:iccted wi th  

t h e  r e a c h i n g  by t h e  c o s i n e  of Sun’s z e n i t h  a n g l e  o f  t h e  v a l u e  cos q2. 
A t  t h e  same time, t h e  upper  m a x i m u m  I ,  with which, a c c o r d i n g  t o  our 
ascumpt ion ,  t h e  w i n t e r  F2- l a y e r  i s  l i n k e d ,  p a s s e s  i n t o  t h e  i n f l e -  

x i o n ,  and t h e n  d i s a p p e a r s  comple te ly ,  whi le  t h e  l o w e r  m a x i m u m  i n c r e a -  

s e s .  L t  t h e  l a t t e r ’ s  l e v e l  t h e  sumlder F l - l a y e r  c o n t i n u e s  t o  develop. 

As t o  t h e  F2- layer ,  i t  is formed an account of  t h e  e f f e c t  o f  charge 

accumula t ion  a t  l e v e l s  w i th  l o n g  average  l i f e t i m e  o f  t h e  f ree  char -  

g e s  a c c o r d i n g  t o  t h e  Bradbury schece .  

On t h e  b a s i s  o f  t h e  a f o r e s a i d ,  t h e  p a t t e r n  o f  t h e  a n o m l o u s  

s e a s o n a l  course  of  F2- layer ’s  c r i t i c a l  f r e q u e n c i e s  at midday. The 

r i se  o f  GFz  from Janua ry  t o  Apr i l  is r e l a t e d  t o  t h e  s e a s o n a l  i n c r e a -  

se  o f  t h e  upper maximum I. t h e  ensu ing  dec rease  o f  midday f0F2 is  

l i n k e d  w i t h  t h e  l e v e l l i n g  down of t h a t  maximum and t h e  t r a n s i t i o n  

t o  suni ,e r  c o n d i t i o n s .  The s e a s o n a l  v a r i a t i o n  of  t h e  F- res ion  of  

t h c  ionosphe re  nay s i m i l a r l y  be r e p e s e n t e d  f o r  t h e  seconci h a l f  of 

t h e  y e a r ,  when t h e  midday h e i g h t  o f  t h e  Sun d e c r c a s e s .  

?he re  e x i s t s  t h e  as - m p t i o n ,  t l i L t  t h e  i r r e q u l z r  o r b i t a l  

a c  e l e r a t i o i i s  of s a t e l l i t e s  [19’1, a r e  connec k e d  m i t h  t empera tu re  

and gas d e n s i t y  i n c r e a s e  [ 20 ) .  ‘ Ja r i a t ions  o f  Eradj-ents a p z  must 

t h e n  t & e  p i a c e ,  1.jhich i n  i n  i t s  t u r n  must l e a d  t o  t h e  apzearance  

o r  s t r e n K h t e n i n g  o f  t h e  e f f e c t  d e s c r i b e d  i n  t h e  p r e s e n t  pape r .  



I’erliaps t n e  e p i s o d i c  appearance o f  t h e  F l - la -yer  d u r i n g  w i n t e r  

months a t  middle l a t i t u d e s  p r e c i s e l y  is t h e  conseciuence o f  such  

i n c r e a s e  i n  tempera ture  and gas d e n s i t y  at l e v e l s  o f  t h e  2- reg ion  

of  t h e  i o n o s p h e r e ?  

I n  connec t ion  i ; i th  t h i s , t h e  problem may be s e t  u p  of t h e  

egergence o f  a p o s s i b l e  c o r i . e l a t i o n  between s a t e l l i t e  d e c e l e r a t i o n  

and t h e  appearance d u - i n g  w i n t e r  months of t h e  71 - l aye r  a t  middle 

l a t i t u d e s  . 
I n  conc lus ion ,  I wish t o  expres s  my thanks  t o  t h e  a c t i n g  

c h i e f  o f  t h e  r a d i o p h y s i c s  c h a i r  a t  t h e  Irkutsk S t a t e  Z n i v e r s i t y  i n  

t h e  n m e  o f  L. A.  Zhclanov - l e c t u r e r  V. M. Polgakov,  f o r  h i s  every- 

day a t t e n t i o n  i n  t h e  conLLicting o i  t h e  p r e s e n t  work, f o r  h i s  counse l  

and indications.  

T r a n s l a t e d  by ADD23 L .  BRICHANT 

for t h e  
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